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© Light-sensitive resin composition. 



© A light-sensitive resin composition comprising a light-sensitive substance represented by the formula (A) 
shown below and an alkali-soluble resin: 




wherein Ri to Rs are independently hydrogen, a hydroxyl group, a halogen atom, an alkyl group, an alkoxy 
group, an aralkyl group, an aryl group, an amino group, a monoalkylamino group, a dialkylamino group, an 
acylamino group, an alkylcarbamoyl group, an arylcarbamoyl group, an alkylsulfamoyl group, an arylsul- 
famoyl group, a carboxyl group, a cyano group, a nitro group, an acyl group, an alkyloxycarbonyl group, an 
aryloxycarbonyl group, an acyloxy group, -OD. or 
R 

- A -D (wherein R is hydrogen, or an alkyl group, and D is a 1 ,2-naphthoquinonediazido-5-su!fonyl group or 

a 1 ,2-naphthoquinonediazido-4-sulfonyl group): 

Rs to R12 are independently hydrogen or a lower alkyl group: and 

Z is oxygen or a single bond: R . 

provided that at least one of Ri to R 8 is -OD or-N-D- 
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LIGHT-SEN SITIVE RESIN COMPOSITION 



The present invention relates to a light-sensitive resin composition comprising an alkali-soluble resin 
and a specific light-sensitive substance. The light-sensitive resin composition is sensitive to radiation such 
as ultraviolet rays, far ultraviolet rays, X rays, electron rays, molecular beams, -y rays, and synchrotron 

5 radiation. Specifically the present invention is concerned with a photoresist. More specifically it is 
concerned with a photoresist composition for fine fabrication, having high resolving power and sensitivity, 
and also good storage stability. 

The photoresist can be coated on a semiconductor wafer or a substrate such as glass, ceramics, and 
metal. Thereafter, the coating is heated and dried. A circuit pattern, for example, is baked on the coating 

70 through an exposure mask by irradiating with ultraviolet rays and the coating is developed to obtain a 
positive image pattern. Further, by applying etching using the above obtained positive image pattern as a 
mask, the corresponding pattern is formed on the substrate. Typical applications include the production of 
semiconductors such as integrated circuits (IC) and circuit substrates for liquid crystals, thermal heads and 
the like, as well as other photofabrications. 

75 As a positive type photoresist composition, a composition containing an alkali-soluble resin and a 
naphthoquinone diazfde compound as a light-sensitive substance is generally used. For example, a 
composition comprising a novolak type phenol resin and a naphthoquinonediazide-substituted compound is 
described in, for example. U.S. Patents 3.666,473. 4,115,128 and 4,173,470, and a composition comprising 
a novolak resin of cresol-formaldehyde and trihydroxybenzophenone-1.2-naphthoquinonediazidosulfontc 

20 acid ester, which is most typical, is described in LF. Thompson. Introduction to Microlithography, ACS 
Publishing Co.. Ltd.. No. 219. pp. 112-121. ~~ 

A novolak resin as a binder is particularly useful because it is soluble in an aqueous alkali solution 
without swelling and in using the formed image pattern as a mask for etching, exhibits high resistance 
especially against plasma etching. A naphthoquinonediazide compound as a light-sensitive substance acts 

25 as a dissolution-preventing agent which reduces the solubility of the novolak resin, but when decomposed 
by irradiation with light, produces an alkali-soluble substance and increases the alkali solubility of the 
novolak resin. Because of this large change in properties with light the naphthoquinonediazide compound is 
particularly useful as a light-sensitive substance for the positive-type photoresist. 

From the above viewpoint, a number of positive type photoresists containing a novolak resin and a 

oo naphthoquinone diazide-base light sensitive substance have been developed and put into practical use, and 
satisfactory results have been obtained in the fabrication of line widths up to about 1 .5 to 2 urn. 

With an increase in the degree of integration in integrated circuits, the fabrication of Fine patterns having 
a line width of not more than 1 am has been needed in the production of substrates for semi-conductors 
such as super LSI and so on. In this application, there is needed a photoresist which has a high resolving 

35 power, a high pattern reproducing accuracy permitting accurate copying of the shape of an exposure mask, 
and a high sensitivity from the viewpoint of high productivity, and further which is excellent in storage 
stability. 

An attempt to increase a quinonediazide light-sensitive group content has been made to obtain a high 
resolving power, J P-A-60- 158440, for example, describes a method using a light-sensitive substance having 

ao a high triester content. (The term "JP-A** as used herein means an "unexamined published Japanese patent 
application**.) J P-A-61 -118744 describes an attempt to increase the number of quinonediazide light-sensitive 
groups contained in the molecule of a light-sensitive substance. 

These light-sensitive substances, however, are insoluble in commonly used solvents, or even if soluble, 
form a precipitated material during the storage of the photoresist composition, causing problems at the 

45 photofabri cation step or device fabrication step and a reduction in yield. In order to prevent the precipitation 
of a light-sensitive substance. JP-A-6 1-260239 describes a method of adding organic solvents having a 
solubility parameter of 11 to 12. However, since a solvent such as dimethylsulfoxide is used, the storage 
stability of the resist composition is poor, and sensitivity and resolving power markedly vary with a lapse of 
days. Thus the above photoresist cannot meet the requirements as described above. 

so An object of the present invention is to provide a photoresist composition having a high resolving 
power. 

Another object of the present invention is to provide a photoresist composition capable of accurately 
reproducing mask dimensions over a wide range of photomask line widths. 

Another object of the present invention is to provide a photoresist composition capable of producing a 
resist pattern having a high aspect ratio in the cross-sectional form in a pattern having a line width of not 

2 
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more than 1 urn. 

Another object of the present invention is to provide a photoresist composition capable of forming a 
pattern having a shape such that the side wall of the cross-section of the pattern is nearly vertical. 

Another object of the present invention is to provide a photoresist composition having a broad 
5 developing latitude. 

Another object of the present invention is to provide a photoresist composition which is soluble in 
commonly used solvents and which is excellent in storage stability and thus does not produce any 
precipitate during its long-term storage. 

Another object of the present invention is to provide a photoresist composition which produces a resist 

The present invention relates to a light-sensitive resin composition comprising a light-sensitive sub- 
stance represented by the formula (A) shown below and an alkali-soluble resin: 



75 



20 




wherein Ri to Rg are independently hydrogen, a hydroxyl group, a halogen atom, an alkyl group, an alkoxy 
group, an aralkyl group, an aryl group, an amino group, a monoalkylamino group, a dialkylamino group, an 
25 acylamino group, an alkylcarbamoyl group, an arylcarbamoyl group, an alkylsulfamoyl group, an arylsul- 
famoyl group, a carboxyl group, a cyano group, a nitro group, an acyl group, an alkyloxycarbonyl group, an 
aryloxycarbonyt group, an acyloxy group. 
R 

-OD or - n -D (wherein R is hydrogen, or an alkyl group, and D is a 1 ,2-naphthoquinonediazido-5-sulfonyl 
30 group or a l,2-naphthoquinonediazido-4-sulfonyl group); 

R 9 to Ri 2 are independently hydrogen or a lower alkyl group; and 
Z is oxygen or a single bond; 
provided that at least one of Ri to R 8 is -OD or 
R 

35 - r!j -D. 

The halogen represented by Ri to Rs in the formula (A) is preferably chlorine, bromine or iodine. 
The alkyl group is preferably an alkyl group having 1 to 4 carbon atoms, such as methyl, ethyl, propyl, 
isopropyl. n-butyl, isobutyl, sec-butyl and tetf-butyl. 

The alkoxy group is preferably an alkoxy group having 1 to 4 carbon atoms, such as methoxy. ethoxy, 
40 hydroxyethoxy. propoxy. hydroxypropoxy. isopropoxy. n-butoxy, isobutoxy. sec-butoxy and tert-butoxy. 
The aralkyl group is preferably a benzyl group, a phenethyl group or a benzhydryl group. 
The aryl group is preferably phenyl, tolyl, hydroxyphenyl or naphthyl. 

The monoalkylamino group is preferably a monoalkylamino group having 1 to 4 carbon atoms, such as 
monomethylamino. monoethylamino. monopropylamino. monoisopropylamino. mono-n-butylamino. mon- 
45 oisobutylamino, mono-sec-butylamino, or mono-tert-butylamino. 

The dialkylamino group is preferably a dialkylamino group with each alkyl substituent having 1 to 4 
carbon atoms, such as dimethylamino. diethylamino, dipropylamino, di-isopropylamino. di-n-butylamino, di- 
isobutylamino, di-sec-butylamino. or di-tert-butylamino. 

The acylamino group is preferably an aliphatic group-substituted acylamino group such as acetylamino. 
50 propionylamino. butylamino. isobutylamino. isovalerylamino. pivaloylamino or valerylarnino. or an aromatic 
group-substituted acylamino group such as benzoylamino or toluoylamino. 

The alkylcarbamoyl group is preferably an alkylcarbamoyl group having 2 to 5 carbon atoms, such as 
methylcarbamoyl. ethylcarbamoyl, propylcartoamoyl. isopropylcarbamoyl, n-butylcarbamoyl. isobutylcar- 
bamoyl, sec-butylcarbamoyl or tert-butylcarbamoyl. 
55 The arylcarbamoyl group is preferably phenylcarbamoyl or tolylcarbamoyl. 

The alkylsulfamoyl group is preferably an alkylsulfamoyl group having 1 to 4 carbon atoms, such as 
methylsulfamoyl. ethylsulfamoyl. propylsulfamoyl. isopropylsulfamoyl, n-butylsuifamoyl. sec-butylsulfamoyl. 
or tert-butylsulfamoyl. 
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The arylsulfamoy! group is preferably phenylsulfamoyl or tolylsulfamoyl. 

The acyl group is preferably an aliphatic acyl group having 1 to 5 carbon atoms, such as formyl, acetyl, 
propionyi, butyryl, isobutyryl, valeryl, isovaleryl or pivaloyl, or an aromatic acyl group, such as benzoyl, 
toluoyl, salicyloyl or naphthoyl. 
5 The alkyloxycarbonyl group is preferably an alkyloxycarbonyl group having 2 to 5 carbon atoms, such 
as methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, isopropoxycarbonyl, n-butoxycarbonyi, isobutox- 
ycarbonyl, sec-butoxycarbonyl or tert-butoxycarbonyl. 

The aryloxycarbonyl group is preferably phenoxycarbonyl. 

The acyloxy group is preferably an aliphatic acyloxy group having 2 to 5 carbon atoms, such as 
io acetoxy, propionyloxy, butyryloxy, isobutyryloxy, valeryloxy, isovaleryloxy or pivaloyloxy, or an aromatic 
acyloxy group such as benzoyloxy, toluoyloxy or naphthoyloxy. 

The lower alkyl group represented by Rs to R12 in the formula (A) is preferably an alkyl group having 1 
to 4 carbon atoms, such as methyl, ethyl, propyl, isopropyl. butyl, isobutyl, sec-butyl or tert-butyl. 

In the formula (A) above, R1 to Rs are preferably a hydrogen atom, a hydroxy group or a -OD group 
75 wherein D is as defined above, and R9 to R12 are preferably a hydrogen atom or a methyl group. R is 
preferably an alkyl group having 1 to 4 carbon atoms, such as a methyl ethyl, n-propyl. iso-propyl. n-butyl, 
iso-butyl, sec-butyl or t-butyl group. 

The compounds represented by the formula (A) can be easily prepared by condensing spirobiindane or 
spirobichroman derivatives represented by the formula (B) shown below with 1 ,2-naphthoquinonediazido-5- 
20 sulfonyl chloride or 1 ,2-naphthoquinonediazido-4-sulfonyl chloride or a mixture thereof. 



25 



30 



R21v R 22 

•Rl9 



Rl4 
Rl5 




Rl8 (B) 



Rl6 ^23 R 24 



wherein R 13 to R20 are independently hydrogen, a hydroxy group, a halogen atom, an alkyl group, an 
alkoxy group, an aralkyl group, an aryl group, an amino group, a monoaikylamino group, a dialkylamino 
group, an acylamino group, an alkylcarbarnoyl group, an arylcarbamoyl group, an aJkytsuifamoyl group, an 
arylsulfamoyl group, a carboxy group, a cyano group, a nitro group, an acyl group, an alkyloxycarbonyl 
05 group, an aryloxycarbonyl group, or an acyloxy group; 

R21 to R24 are independently hydrogen or a lower alkyl group; and 
Z is oxygen or a single bond, 

provided that at least one of Ri a to R20 is a hydroxy! group, an amino group or a monoaikylamino group. 
The compounds represented by the formula (B) can be prepared by, for example, the method 
40 described in W. Baker et al., J. Chem. Soc. . p. 195, 1939. 

Representative examples of the compounds represented by the formula (B) are shown below, although 

the present invention is not limited thereto. 

/ f , t » » 

3,3,3 ,3 -Tetramethyl-1,1 -spirobiindane-4,6.7,4 ,6 J -hexol, 

3,3,3 ,3'-Tetramethyl-1,1-spirobiindane-5,6,7,5 ,6 ,7-hexol, 
45 3,3.3,3-Tetramethyl-l ,1 '-spirobiindane-5,6.5'.6^tetrol, 

3,3,3 # .3-Tetramethyl-1 1,1 '-spirobHndane-6,7,6'.7'-tetrol, 

5.5'-Di-tert-buty i-3,3,3',3'-tetramethyl-1 A '-spirobundane-6.7.6\7'-tetrol. 

5-Tert-butyl-3.3.3\3-tetramethyl-1 .1 '-spirobiindane-6.7,6',7'-tetrol, 

3,3.3\3'-TetrarnethyM .1 ]-spirobiindane-5,6 ; 6'-triol. 
50 3.3.3' ,3'-TetramethyM ,1 '-spirobiindane-6,6'-diol. 

5.5-Di-tert-butyl-3.3.3'.3'-tetramethyl-1 ,1 '-spirobiindane-6.6-diol. 

3.3.3'. 3-TetramethyM .1 -spirobiindane-5.5 -diol, 

7.7'-Dibromo-3.3,5.3'.3'.5-hexamethyl-1 .1 -spirobiindane-6,6-diol, 

5.5-Diaminc>-3.3.3'.3'-tetrarnethy!-1 ,1 '-spirobiindane, 
55 4.4.4' .4'-Tetramethy l-2,2'-spirobichroman-6.7.6' ,7-tetroU 

7,7-DichkttCHlA4\V-tetrameto^ 

5.5-DichiorcH4.4.7 1 4\4'.7'-hexamethyl-2.2'-spirobichroman-6.6'-diol. 
6' .e'-t-ButyM^'^'-tetramethy I-2.2 -spirobichroman-7,7'-dioL 
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The esterification reaction of the compounds of the formula (B) and 1 ,2-naphthoquinonediazido-5- 
sulfonyl chloride or 1,2-naphthoquinonediazido-4-sulfonyl chloride can be carried out by a conventional 
method. That is. given amounts of spirobiindane or spirobichroman of the formula (B), 1,2- 
naphthoquinonedrazido-5-sulfonyl chloride or 1 ,2-naphthoquinonediazido-4- sulfonyl chloride, and a solvent 
5 such as dioxane, acetone, methyl ethyl ketone and the like are placed in a flask and condensed by adding 
a basic catalyst such as sodium hydroxide, sodium carbonate, sodium hydrogen-carbonate, triethylamine 
and the like. The product thus obtained is washed with water and then purified and dried. By the above 
method, the light-sensitive substance represented by the formula (A) can be prepared. 

In the light-sensitive substance represented by the formula (A), the total number of -O-D and 

- n -D contained in the molecule is preferably at least 2. and particularly preferably at least 4. 

Representative examples of the light-sensitive substances of the formula (A) are shown below, although 
the present invention is not limited thereto. 

3,3,3' ,3'-Tetramethyl-1 .1 '-spirobiindane-5 ,6 ,7,5'. 6'.7'-hexol hexa-1 t 2-naphthoquinonediazido-5-sulfonate, 
is 3,3.3' ,3'-Tetramethyl-1 ,1 '-spirobiindane-5,6.7.5'.6 ].7-hexol penta-1 ,2-naphtoquinonediazido-5-sulfonate, 
3,3.3',3'-Tetramethyl-1 ,1 '-spirobiindane-5.6,7 t 5\6',7-hexol tetra-1 ^-naphthoquinonediazido-5-sulfonate, 
3,3,3 ,3 -Tetramethyl-1 ,1 '-spirobiindane-5.6.7,5\6.7'-hexpl tri-1 ,2-naphthoquinonediazido-5-sulfonate, 
5-Tert-butyl-3.3,3',3'-tetramethyl-1 .1 '-spirobiindane-6.7.6',7'-tetrol tetra-1 ,2-naphthoquinonediazido-5-su- 
Ifonate, 

20 3.3,3' ,3'-Tetramethyl-1 ,1 '-spirobiindane-5 .6,7,5' ,6',7-hexol di-1 ,2-naphtoquinonediazido-5-sulfonate, 

3.3.3 ,3'-TetramethyM .1 '-spirobiindane^.6.7.5\6\7'-hexol mono-1 ,2-naphthoquinonediazido-5-sulfonate. 
3,3.3'.3'-TetramethyM .1 [-spirobiindane-4,6,7,4 ,6',7^-hexol hexa-1 .2-naphthoquinonediazido-5-sulfonate. 
3,3.3' .3 -Tetramethyl-1 ,1 '-spirobiindane-4.6,7,4\6' //-hexol tetra-1 ,2-naphthoquinonediazido-5-sulfonate, 
3,3.3',3-Tetramethyl-l ,1 '-spirobiindane-4 ( 6 t 7,4'.6',7'-hexol tri-1 ,2-naphthoquinonediazido-5-sulfonate, 

25 3.3,3',3'-Tetramethyl-1 .1 [-spirobiindane-5,6,5\6'-tetrol tetra-1 ,2-naphthoquinonediazido-5-sulfonate. 
3,3.3 ,3'-TetramethyH.l'-spirobiindane-5,6.5],6]-tetrol tri-1 ,2-naphthoquinonediazido-5-sulfonate, 
3,3.3' ,3'-Tetramethy!-1,1 '-spirobiindane^,7,6' j'-tetrol tetra-1 ,2-naphthoquinonediazido-5-sulfonate. 
3.3,3' ,3-Tetramethy 1-1.1 '-spirobiindane-6,7,6',7'-tetrol tri-1 ,2-naphthoquinonediazido-5-sulfonate, 
5.5'-Di-tert-butyl-3.3.3'.3'-tetramethyl-1 ,1 '-spirobiindane-6,7,6',7'-tetrol tetra-1 ,2-naphthoquinonediazido-5- 

30 sulfonate. 

5,5'-Di-tert-butyl-3,3,3 / .3'-tetramethyl-1 ,l'-spirobiindane-6,7,6 .7'-tetrol tri-1 ,2-naphthoquinonediazido 5-sul- 
fonate. # * § t 

5-Tert-butyl-3.3,3\3'-tetramethyl-1 ,1 '-spirobiindane-6,7.6 ,7 -tetrol di-1 ,2-naphthoquinonediazido-5-sulfonate. 

3.3.3',3'-Tetramethyl-1 ,1 '-spirobiindane-5,6,6'-triol tri-1 .2-naphthoquinonediazido-5-sulfonate. 
35 3.3.3'.3'-Tetramethyl-1,1 '-spirobiindane-6,6'-diol di-1 .2-naphthoquinonediazido-5-sulfonate, 

5 f 5'-Di-tert-butyl-3.3,3'.3'-tetramethyl-1 ,1 '-spirobiindane-6.6'-diol di-1 ^-naphthoquinonediazido-5-sulfonate. 

3 f 3,3',3'-Tetramethyl-1 ,1 '-sprrobiindane-5,5[-diol di-1 ,2-naphthoqutnonediazido-5-sulfonate. 

3,3.3' .3 -Tetramethy 1-1 ,1 '-spirobiindane-6,6-diol di-1 .2-naphthoquinonediazido-5-su Ifonate. 

7,7'-Dibromo-3,3,5,3'.3'.5'-hexamethyl-1 .1 -spirobiindane 6.6'-diol di-1 ,2-naphthoquinonediazido-5-suifonate. 
40 1 ,1-Spirobiindane-5.5-diol di-1 ,2-naphthoquinonediazido-5-sulfonate 1 

5,5'-Diamino-3,3,3'.3'-tetramethyl-1 ,1 '-spirobiindane-1 ,2-naphthoquinonediazido-5-sulfonic acid diamide, 

4,4,4' ,4'-Tetramethyl-2.2'-spirobichroman-6.7,6\7]-tetrol tetra-1 ^-naphthoquinonediazido-5-sulfonate, 

4 t 4 t 4' f 4'-Tetramethyl-2,2'-sptrobichroman-6,7,6'.7'-tetrol tri-1 ^-naphthoquinonediazido-5-sulfonate, 

7.7 -Dichloro-4.4.4',4'-tetramethyl-2.2'-spirobichroman-6.6 -diol di-1,2-naphthoquirK>nediazido-5-sulfonate, 
45 6,6'-Tert-butyl-4,4,4',4'-tetramethyl-2,2'-spirobichroman-7,7'-diol dt-1.2-naphthoquinonedia2ido-5-sulfonate. 

S.S'-Dichloro^^J^'^'y-hexamethyl^^'-spirobichroman 6,6'-diol di-l,2-naphthoquinonediazido-5-sul- 

fonate. 

5,5'-Dichloro-4,4,7.4'.4'.7'-hexamethyl-2,2'-spirobichroman-6,6 -diol mono 1 ,2«naphthoquinonediazido-5-sul- 
fonate. 



50 3.3.3 .3 
3,3,3 .3 
3.3.3',3 
3,3.3' .3 
3*3,3 .3 

55 3.3.3 .3 
3,3.3 .3 
3.3.3 .3 



-Tetramethyl-1,1 '-spirobiindane-5 ,6,7,5 ,6 , 7 -hexol hexa-1,2-naphthoquinonediazido-4-sulfonate. 
-Tetramethyl-1 ,1 '-spirobiindane-5.6.7.5\6].7 -hexol tetra-1 ,2-naphthoquinonediazido-4-sulfonate. 
-Tetramethyl-1 ,1 '-spirobiindane-5.6.7,5\6' ./-hexol d»- 1 ,2-naphthoquinonediazido-4-sulfonate. 
-Tetramethyl-1 ,1 '-spirobiindane-4,6.7.4\6].7 -hexol penta-1 .2-naphthoquinonedia2ido-4-su Ifonate. 
-Tetramethyl-1 ,1 '-spirobiindane-4,6,7,4',6'.7'-hexol tetra-1 ,2-naphthoquinonediazido-4-sulfonate, 
-Tetramethyl-1 ,1 '-spirobiindane-5,6.5\6'-tetrol tetra-1 ,2-naphthoquinonedia2ido-4-sulfonate, 
-Tetramethyl-1 ,1 '-spirobiindane-5,6,5\6'-tetrol tri-1 ,2-naphthoquinonediazido-4-suifonate. 
-Tetramethyl-1 .1 '-spirobiindane-6,7,6'.7'-tetrol tetra-1 ,2-naphthoquinonediazido-4-sulfonate. 



3,3.3'.3'-Tetramethyl-1 .1 '-spirobiindane-6.7.6'.7'-tetrol tri-1 ^-naphthoquinonediazido-4-sulfonate. 
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5i5 ' -Di-tert-butyl-3 ? 3 f 3' t 3'-tetramethyl-1 .1 '-spirobiindane-6,7,6 r y-tetrol tetra-1 ,2-naphthoquinonediazido-4- 
sulfonate, , , 

5,5' -Di-tert-butyl-S.S.s'^'-tetramethyl-l ,1 '-spirobiindane-6.7.6 .7 -tetrol di-1 ,2-naphthoquinonediazido-4-sul- 

fonate, , , 

5 5-Tert-buty 1-3,3,3 ,3-tetramethy 1-1 .1 '-spirobiindane-6,7,6 .7 -tetrol tri-1 ,2-naphthoquinonediaz!do-4-sulfonate, 
5-Tert-butyl-3.3,3\3'-tetramethyl-1 ,1 '-spirobiindane-6,7,6',7'-tetroi mono-1 ,2-naphthoquinonediazido4- 

sulfonate, 

3,3,3' ,3'-TetramethyM ,1 '-spirobiindane-5,6,6 -triol tri-1 ,2-naphthoquinonediazido-4-sulfonate. 
3,3,3\3'-Tetramethyl-1 .1 '-spirobiindane-6,6'-diol di-1 ,2-naphthcKjuinonediazido-4-suIfonate, 

w 5.5 J -Di-tert-butyl-3.3.3',3'-tetramethyi-1 , l'-spirobiindane-6,6-diol di-1 t 2-naphmoquinonediazido-4-sutfonate, 
3!3.3' f 3'-Tetramethyl-1 .1 '-spirobiindane-5.5 ]-diol di-1 ,2-naphthoquinonediazido-4-sulfonate, 
3.3,3'.3'-Tetramethyl-1 ,l'-spirobiindane-6,6'-diol di-1 ,2-naphthoquinonedia2ido-4-sulfonate, 
7,7'-Dibromo-3,35,3'.3' f 5'-hexamethy»-1 .1 '-spirobiindane-6 ( 6-diol di-1 ^-naphthoquinonedia2ido-4-suifonate, 
1 ,1 '-Spirobitndane-5,5'-diol di-1 ^-naphthoquinonediazido^sutf onate, 

J5 5,5 / -Diamino-3 t 3.3' i 3'-tetramethyl-l ,1 '-spirobiindane-1 ,2-naphthoquinonediazido-4-sulfonic acid diamide, 
5 1 5 / -Diamino-3.3,3' i 3'-tetramethyl-l .1 '-spirobiindane-1 ,2-naphthoquinonediazido-4-sulfonic acid monoamide, 
4.4.4 ,4'-Tetramethy l-2^pirobi chroman-6.7,6' ./-tetrol tetra-1 ,2-naphthoquinonediazido-4-suif onate, 
4*4,4 ,4'-Tetramethyl-2.2 -spirobichroman-e.^e'y-tetro! tri-1 ,2-naphthoquinonedia2ido-4-sutfonate t 
7y-Dichloro-4.4,4',4'-tetrame^ di-1,2-naphthcM3uinonediazido-4-sulfonate, 

20 6V-Tert-butyl 4.4,4 ,4-tetramethyl 2,2'-spirobichroman-7,7'-diol di-1 ,2-naphtocKjuinonediazido-4-sulf onate, 
5.5'-Dichloro-4,4,7,4' ,4 j'-hexamethy l-2^'-spirobichroman-6,6'-diol di-1 ,2-naphthoquinonediazido-4-sul- 

fonate. 

As the alkali-soluble resin to be used in the present invention, a novolak resin, a vinylphenol resin, an 
N-(hydroxyphenyl)maleimide (co)polymer, a styrenemaleic anhydride copolymer, a methacrylic or acrylic 
25 resin containing a carboxyl group, a sulfonyl group, or a phosphoric acid group, for example, and the like 
can be used. 

The alkali-soluble novolak resin is obtained by poly-condensing a phenol-base monomer and 0.6 to 1 .0 
mol of an aldehyde-base monomer per mol of the phenol-base monomer in the presence of an acidic 
catalyst. As the phenol-base monomer, phenol, p-chlorophenol, o-cresol, m-cresol. p-cresol, ethylphenol. 
30 resorcinol, naphthol, xylenol and the like can be used alone or in combination with one another. As the 
aldehyde-base monomer, formaldehyde, paraformaldehyde, acetoaldehyde, furfural and the like can be 
used alone or in combination with one another. As the acidic catalyst, hydrochloric acid, sulfuric acid, fprmic 
acid, oxalic acid, acetic acid and the like can be used. The novolak resin having a molecular weight of 1,000 
to 50.000 as obtained above is alkali-soluble. 
35 The amount of the light-sensitive substance used can be in the range of from about 5 to about 100 
parts by weight and preferably 10 to 50 parts by weight per 100 parts by weight of the alkali-soluble 
novolak resin. If the amount of the light-sensitive substance used is less than about 5 parts by weight, the 
film remaining ratio markedly drops. On the other hand, if it is more than about 100 parts by weight, the 
sensitivity and the solubility in solvents decrease. 
40 In the present invention, the above light-sensitive substance is mainly used. If necessary, conventional 
light-sensitive substances, for example, ester compounds of polyhydroxybenzophenones such as 2,3,4- 
trihydroxybenzophenone. 2.4.4'-trihydroxybenzophenone. 2.4.6-trihydroxybenzophenone. 2.3.4.4 - 
tetrahydroxybenzophenone, 2.2 A4-tefrahydroxybenzophenone. 2,4,6,3 .4 .5 -hexahydroxybenzophenone. 
2,3,4,3'.4',5-hexahydroxybenzophenone and the like, polyhydroxyphenylalkyiketones such as 2.3,4- 
45 trihydroxyacetophenone. 2.3.4-trihydroxyphenylhexyl ketone and the like, bis((poly)hydroxyphenyl)alkanes 
such as bis(2.4-dihydroxyphenyl)methane. bis(2.3,4-trihydroxyphenyl)methane. bis(2,4-dihydroxyphenyl)- 
propane-1 and the like, polyhydroxybenzoic acid esters such as propyl 3,4,5-trihydroxybenzoate. phenyl 
3,4,5-trihydroxybenzoate and the like. bis(poiyhydroxybenzoyl)alkanes or bis(polyhydroxybenzoyl)aryls such 
as ' bis(2,3,4-trihydroxybenzoyl)methane. bis(2,3.4-trihydroxybenzoyl)benzene and the like, alkylene di- 
50 [polyhydroxybenzoate) such as ethylene glycol di(3.5-dihydroxybenzoate) and the like, and 1.2- 
naphthoquinonediazido-5-sulfonyl chloride can be used in combination with one another. In this case, the 
amount of the ester compound used in not more than about 100 parts by weight, preferably not more than 
30 parts by weight per 100 parts by weight of the light-sensitive substance of the formula (A). 

In order to accelerate the dissolution in the developer, polyhydroxy compounds can be incorporated. 
55 Preferred examples of such polyhydroxy compounds are phenols, resorcin, fluoroglycine, 2,3.4-trihydrox- 
ybenzophenone. 2,3.4,4-tetrahydroxybenzophenone, 2.3.4.3'. 4',5-hexahydroxybenzophenone. an ac- 

etonepyrogallol condensed resin and the like. 

As the solvent to dissolve the light-sensitive substance and the alkali-soluble resin, ketones such as 
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methyl ethyl ketone, cyclohexanone and the like, alcohol ethers such as ethylene glycol monomethyl ether, 
ethylene glycol monoethyl ether and the like, ethers such as dioxane, ethylene glycol dimethyl ether, 
diethylene glycol dimethyl ether and the like, cellosolve esters such as methylcellosolve acetate, ethylcel- 
losolve acetate and the like, aliphatic acid esters such as butyl acetate, ethyl lactate, methyl lactate and the 

5 like, halogenated hydrocarbons such as 1,1,2-trichloroethylene and the like, and high polar solvents such as 
dimethylacetamide, N-methylpyrrolidone. dimethylformarnide, dimethyl sulfoxide, -y-butyrolactone and the 
like can be used alone or as a combinaiton thereof. 

In the photoresist composition of the present invention, if necessary, a dye, a plasticizer, an adhesive 
aid, a surfactant and the like can be incorporated. Representative examples are dyes such as methyl violet, 

io crystal violet, marachite green and the like, plasticjzers such as stearic acid, an cceta! resin, a phenoxy 
resin, an alkyd resin and the like, adhesive aids such as hexamethyldisilazane, chloromethyl silane and the 
like, and surfactants such as nonylphenoxy poly(ethyleneoxy)ethanol, octylphenoxy poly(ethyleneoxy)- 
ethanol and the like. In addition, the compounds described in JP-A-58-1 49042 and JP A-58-1 82633 may be 
added. 

75 The above photoresist composition is coated on a substrate (e.g., silicone/sillcon dioxide coated) as 
used in fabrication of integrated circuit elements by a suitable coating method using a spinner, a coater and 
the like, and then exposed to light through a suitable mask and developed whereupon a good resist is 
obtained. The thickness of the coated fislm is usually from about 0.1 to about 20 urn, preferably from 0.5 to 
5 urn. 

20 As the developer for the photoresist composition of the present invention, aqueous solutions of alkalis, 
for example, inorganic alkalis such as sodium hydroxide, potassium hydroxide, sodium carbonate, sodium 
silicate, sodium metasilicate, ammonia water and the like, primary amines such as ethylamine, n- 
propylamine and the like, secondary amines such as diethylamine, di-n-butylamine and the like, tertiary 
amines such as triethylamine, methyldiethylamine and the like, alcoholamines such as 

25 dimethylethanolamine, triethanolamine and the like, quaternary ammonium salts such as tetramethylam- 
monium hydroxide, tetraethylammonium hydroxide and the like, and cyclic amines such as pyrrole, 
piperidine and the like can be used. To the above alkalis, suitable amounts of alcohols and surfactants can 
be added. 

If necessary, by applying an image reversion processing to the light-sensitive resin composition of the 
30 present invention by the method described in British Patent 844,039. U.S. Patent 4,104.070, and JP-B-55- 
32088, a negative image can be obtained. 

The photoresist of the present invention is excellent in resolving power, fidelity reproducibility, cross- 
sectional shape of the resist image, developing latitide, sensitivity and heat resistance, and the solution of 
the photoresist of the present invention in a commonly used solvent is excellent in long-term storage 
35 stability. 

EXAMPLES 

40 

The present invention is described in greater detail with reference to the following examples although it 
is not limited thereto. In the examples, all percents, ratios, etc., are by weight unless otherwise indicated. 

45 (1) Preparation of Light-Sensitive Substance (a) 

42 g of pyrogallol, 33 g of acetone, 80 ml of acetic acid and 64 ml of concentrated hydrochloric acid 
were placed in a three-necked flask and uniformly dissolved by stirring. The resulting solution was heated 
on a water bath, refluxed for 24 hours and then cooled to room temperature. After cooling, the reaction 

so solution was added dropwise to 2.000 ml of distilled water, and the precipitated product was filtered off and 
dried under reduced pressure. 

4 g of 3.3.3'.3'-tetramethyl-1,l'-spirobiindane-5,6,7,5 / ,6',7'-hexoi as obtained above. 13 g of 1.2- 
naphthoquinonediazido-5-sulfonyl chloride, and 300 ml of acetone were placed in a three-necked flask and 
uniformly dissolved by stirring. Then a mixture of 4.9 g of triethylamine and 30 ml of acetone was gradually 

55 added dropwise and reacted at room temperature for 3 hours. After the completion of the reaction, the 
contents were added dropwise to a 1% aqueous hydrochloric acid solution, and the precipitate thus formed 
was filtered off and dried under reduced pressure to obtain a light-sensitive substance (a). 
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JO 



(2) Preparation of Light-Sensitive Substance (b) 

33,3\3'-Tetramethy.-1.l'-spirobiindane-5,6,5'.6'-tetro. was prepared from pyrocatecho. and acetone in 

the same manner as for the light-sensitive substance (a). . QCi _ { , 2 . 

4 g of 3.3,3'.3'-tetramethyM.l'-s P irobiindane-5,6,5,6-tetrol as obtained above Wig of 12 
napMhoquinoned^do-S-suHony. chloride, and 300 ml of acetone were placed .n a 300-mtt* three- 

^^^T^TT^Z 9 '^ 30 m, of acetone was graduaHy added dropwise and 

T ^^Z^^Zl the contents were added dropwise to a 1% aqueous hyd^oric 
J^LZ ZZ PrecipKate thus formed was filtered oft and dried under reduced pressure to obta,n a 
light-sensitive substance (b). 



is (3) Preparation of Light-Sensitive Substance (c) 

444 4'-Tetramethyl-22'-spirobichroman^.7,6 ./-tetro. was prepared from 1.2.4-triacetoxybenzene and 
ac^jn ^ ^ obt ^ ned above . 10 . 8 g of 12 

. rJ^fJ^^T^ and 300 m, ot -one^r^n , - 

was filtered and dried under reduced pressure to obtain a hght-sensitive substance (c). 



25 



30 



(4) Preparation of Novolak Resin 
8,300 (calculated as polystyrene). 



35 



EXAMPLE 1 



40 



45 



50 



55 



304 a of the light-sensitive substance (a) obtained in (1) above and 12.08 g of me novolak ^res.n 
obtatr^d ?n°4) alove were dissolved in 40.88 g of ethoxyethy. acetate and passed through a 02 urn 
microfilter to prepare a resist composition. c 2,500 a 

The resist composition thus prepared was ° ™ ^ogen atmosphere in a counter- 

thick by the use of a spinner and dried at 90 1 C for 30 minutes iin a n y k h 

and. thereafter, rinsed with ion exchanged water to obtain a ^^^^^^^ermined as 
was evaluated by observation with a scanning type 9 ^».^7J and indicated as a 
the reciprocal of exposure .amount tc ^^^^^^JZZ^L indicated as a 

and the resolving power was 0.7 am. 
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EXAMPLES 2 TO 4 



Resist composition were prepared using the light-sensitive substances prepared in (2) and (3) above in 
the proportions shown in Table 1 and evaluated in the same manner as in Example 1. The results are 
shown in Table 2. 

TABLE 1 



10 



Example 


Light-Sensitive Substance 


Novolak 
Resin 


Solvent 


2 
3 
4 


Light-sensitive Substance (b), 2.98 g 
Light-sensitive Substance (c), 2.74 g 
Light-sensitive Substance (c). 1 .56 g 


12.14 g 
12.38 g 
7.08 g 


Same as in Example 1, 40.88 g 

Ethyl acetate. 41 .65 g 

Same as in Example 1 , 23.37 g 



15 



TABLE 2 



Example 


Relative 


Resolving 


Rim 


Heat 




Sensitivity 


Power 


Remaining 


Resistance 








Ratio 




2 


1.3 


0.7 


99.5 


145 


3 


1.0 


0.7 


99.8 


145 


4 


0.8 


0.6 


99.8 


145 



30 

EXAMPLES 5 AND 6 



Resist composition were prepared using the light-sensitive substance (a) or (b) f a cresol-novolak resin 
35 (molecular weight of 18,300 calculated as polystyrene) prepared from 60% by weight of rn-cresol. 40% by 
weight of p-cresol and formalin, and a solvent in the proportions shown in Table 3 and evaluated in the 
same manner as in Example 1. The results are shown in Table 4. 

TABLE 3 

40 



Example 


Light-Sensitive Substance 


Novolak 


Solvent 


5 
6 


Light-sensitive Substance (a), 2.59 g 
Light-sensitive Substance (b). 2.48 g 


8.21 g 
8.32 g 


Ethoxyethyl acetate. 29 g 
Same as in Example 1 , 29.2 g 



TABLE 4 



50 



Example 


Relative 


Resolving 


Film 


Heat 




Sensitivity 


Power 


Remaining 


Resistance 








Ratio 




5 


1.4 


0.8 


99.8 


165 


6 


1.5 


0.8 


99.6 


160 



As can be seen from the above results, the photoresist of the present invention is excellent in 
sensitivity, resolving power, film remaining ratio and heat resistance. Even though the photoresist solution of 
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the present invention was allowed to stand at AO' C for 30 days, no precipitation was observed in the resist 
solution. 



5 COMPARATIVE EXAMPLES 1 AND 2 



Resist solutions were prepared using the light-sensitive substances, the cresol-novolak resins and the 
solvents shown in Table 5 and evaluated in the same manner as in Example 1. The results are shown in 
70 Table 6. In Comparative Example 1, even though the resist solution was allowed to stand at 40 *C for 30 
days, no precipitation was observed in the resist solution. In Comparative Example 2, the formation of 
precipitate was observed in the resist solution. 

TABLE 5 

75 



Comparative 
Example 


Light-Sensitive Substance 


Resin 


Solvent 


1 

2 


2,3,4-Trihydroxybenzophenone 

1 ,2-naphthoquinonediazido-5-sulfonate, 3.92 

9 . 

2,3,3.4 -Tetrahydroxybenzophenone 
1,2-naphmoquinonediazido-5-sutfonate, 2.84 
9 


Same as in 
Example 1, 10.08 

9 

Same as in 
Example 1, 10.66 

9 


Ethoxyethyl 
acetate, 36 g 

Ethyl lactate, 
36.5 g 



TABLE 6 



Comparative 


Relative 


Resolving 


Rim 


Heat 


Example 


Sensitivity 


Power 


Remaining 


Resistance 








Ratio 




1 


1.0 


0.8 


99.0 


135 


2 


1.1 


0.8 


98.8 


140 



ao Claims 

1. A light-sensitive resin composition comprising a light-sensitive substance represented by the formula 
(A) shown below and an alkali-soluble resin: 



45 



50 




wherein Ri to Rs are independently hydrogen, a hydroxyl group, a halogen atom, an alkyl group, an alkoxy 
group, an aralky! group, an aryl group, an amino group, a monoalkytamino group, a dialkylamino group, an 
acylamrno group, an alkylcarbamoyl group, an arylcarbamoyl group, an alkyisutfamoyl group, an arylsul- 
famoyl group, a carboxyl group, a cyano group, a nitro group, an acyl group, an alkyloxycarbonyl group, an 
aryloxycartx)nyl group, an acyloxy group, -OD. or 
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R 

- N -D (wherein R is hydrogen, or an alky! group, and D is a 1,2-naphthoquinonediazido-5-sulfonyl group or 
a 1 ,2-naphthoquinonediazido-4-sulfonyl group); 

Rs to R12 are independently hydrogen or a lower alkyl group; and 
5 Z is oxygen or a single bond; 

provided that at least one of Ri to Ra is -OD or 

R 

- N -D. 

2. A light-sensitive resin composition as claimed in Claim 1 , wherein the total number of -OD and 



- N -D present in the light-sensitive substance represented by the formula (A) is at least 2. 

3. A light-sensitive resin composition as claimed in Claim 2, wherein the total number of -OD and 

R 

- A -D present in the light-sensitive substance represented by the formula (A) is at least 4. 
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